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FOREWORD 
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The Radlotelemeter and Its Importance to Avlatlon 

SUMMARY 

This report gwes a bmf hmtory leadmg up 
to present de\ elopments of the various methods 
employed m the procurement of aerologlcal 
data m the free or upper ax, \Yhlch 1s beyond 
the range of eulfxe recordmg mstruments 

It emphasizes the unpo~tance to avlxtlon of 
accurate neather forecastmg, ancl recounts the 
work mhch has been done m thle saence 

The radlotelemeter IS a device which IS curled 
mto the stratosphere by a free balloon and 
conslets of lllstrunlellts to register temperature, 
humldlty and pressure, And which, by means 
of an automatic ultla-IllgIl-frequency radio 
transm~ttor, ants signals \\hxh carry such aero- 
lognxd data to the recold~ng station on the 
ground 

The present radlotelemeter 1s the result of 
evperunentatlon m the UnIted States and m 
Europe In this country several leadmg un1- 
~ersltles and mstltutlons have contributed to 
Its dewlopment The Nstlonal Bureau of 
Standards n as responsible for much of the tech- 
nlcal perfectlon of the mstruments 

A detaded descrlptlon of the “radlotele- 
meter,” n1t11 Its co1nponent umts 1ts use m 
obtammg aerologlcal data, the method of opwa- 
tlon, and Its usefulness, are dlscussed Illustra- 
t1ons are lnclucled for purposes of clarlficatlon 
and ready reference 

The use of teletype cxcults for transrnlsslon 
of weather data IS b~lefly covered The hmlts- 
tlons of Ihe mstrument and the trend of develop- 
ment as well as the Umted States Weather 
Bureau program pertammg to aerologlcal 
obserpatlons are discussed 

This latest method m the study of serology, 
although It has not jet reached a stage of per- 

I f&on, has proved Its value and Its practlca- 
blhty for a d&n& place m future programs 

INTRODUCTION 

Safety m avlatlon 1s very largely dependent 
upon accurate Feather reports and r&able fore- 
casts Weather data are provided hourly from 
pomts along the an-ways by tramed observers 
Smce meteorologul changes may take place m 
rl ,ely few hours, advance mformatlon as to 
such changes becomes highly Important 

The Cw11 Aeronaubcs Authonty 1s pnrtu- 
laxly mterested m weather from the standpomt 
of au safety and this study wits made to deter- 
mme the present status of serology 

This report 1s subnutted for the purpose of 
acquamtmg those mterested m avlatlon with 
the latest m&hods for the procurement of 
aerolog~al data upon which to base forecasts 
The mfolmatlon 1s dlssemmated with a view to 
coordmatmg the work bemg done and to ass& 
m the correlation of further expermwntatlon m 
this field 

The study of upper air condltlous IS 
sometunes called “meteorology of the free 
atmosphere, ” but more generally It 1s termed 
%erology ” It conslsts of the various methods 
of explormg and obtammg data pertment to 
the upper atmosphere or upper strata, mcludmg 
the stratosphere, where topographuxl condl- 
tlons have httle or no effect 

The unportsnce of sccurate weather forecast- 
mg to avlatlon can hardly be overemphasued 
Methods of weather forecastmg ha\e been m- 
proved from year to gear, and much credit for 
this progress 1s due the Umted States Weather 
Bureau and cooperatmg agencxs mcludmg the 
U S Army Air Corps, the U S Navy, the Na- 
tlonal Bureau of Standards, the air carrras, 
and the leadmg umversltles of the country 

It should be reahzed that the subJecti of 
m&orology and forecastmg hare been studled 
m all thw phases by speaahsts for many years 

(1) 
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Kot \erq man> pars ago It was learned that 
mather travels It was also found that char- 
acterlstlc tjpes of clouds mdxated catam types 
of neather, and that areas of high nnd lo\\ pres- 
sure mar rd m charscter~st~c fashion The 
cawes of 1 alloll? kinds of pIeclpltatxm. and 
other fundamental prmclples of meteorolo,mcal 
phenomena \rele dwovered, but httle was 
known about the unexplolad upper reglow 
mcludmg the stratosphere, and thex mfluence 
on wzat11er 

l’rogrcs~ ,n the science of weather study 
\X.IS greatly accelerated ~lth the adTent of 
telegraphy, followed by the teletype Then 
came the manned balloon, the late wth mstru- 
mat> attached, the soundmg balloon, folloved 
by the axplane, <tnd more recently the Tadlo- 
telemeter 

The commg of the ‘w-plane not onlj speeded 
up the study of aaology by It? use m makmg 
up,w air wundmgs st altitudes of up to 
170f)o fwt, tmt ,t also muen?cd the demand 
fol rn~le <~cuatc \+e,rther forccastmg ,n the 
11mrest of safety 

the Buma, of An Commerce made tlus system 
possible 

The Clv~l dwonant~cs Authority recognmes 
the unportance of greater safet>- m avutlon 
through mtelbgcnt long-range plannmg. and 
I> lenrlmg r\e1y supp0rt nncl dS-,stancO pos- 
&le to encou.lge the fnrthcr dc~elolxnent of 
a~l”l”p~ 

BRIEF HISTORY OF UPPER AIR SOUNDIXGS 

The need for mfoimatlon conuxnmg con& 
hens m the upper ~,r has long been recogruzed 
W”rk 11, this connection, pll”r to 1916, m,,s 
wuducted b> means of lutes, m,mned balloons 
captwe balloons, and soundmg balloons The 
facts dlxloscd by these methods >\ele sorueuhat 
meager 

Dunn:: the 7Yorld War, a Bntlsh flJ.mg officer 
v h& m Fr,rnte became mterested m the possl- 
b&xs of meteorologuxl obwx &Ions from an- 
aaft Hc nude notes of Ins observations thdt 
stratus Cl”Ud0 nere most flequent m sntl- 
cyclones, a trrnperaturr m>ers~~n evlsted unme- 
dutely abore the str,rtus layer, the lowest 
tenlperatnre of a cloud form&on was near Its 
upper wrfnce, and definite he&s of cumuh 
x+e~.c urcessarq for thunderstorm development 

Other obw \,rllons followxl, and in 1918-19, 
a tot<11 of ili0 nmplxne obserx atums of ternpela- 
tue and hum&ty was made m France by 
Brltxh meteorolog&, the data bang used m 
<ullellt foreca4tmg 

Tlw type of flee-ax m\estlgatwn contmued 
II, Great Br~a.u~ xnd m olhe~ European couw 
trle? io, a nhlle In the ~ummcrs of 1924 and 
192& the rrtords of soundmgs to heights of 
between 15.;100-21.000 feet, obtuned m Bclgmm, 
\\ero presenled 11, II lepat by M Jnurnotte, 
DlIeLtol of the Belgnlm Mete”r”loglcal 1nst1. 
tutc He mstamed the BJexhnes Theory that 
“the end result of the Juxtapos]tlon of two an- 
masee of chfferent temperature nas a supor- 
posltlon of the tloplcal ar over the polar all 
wth m,xurg of neghglble rnportance,” 5s “p- 
posed to the Exner Theory that the end result 
nns <I complete mlxmg of the two mas?es Tins 
1s merely ated to m&c&e how recent have been 
11,~ dlscoverw of upper a,r ph~nonlena, ahwh 



prove 01 d1sp1ow ~u1o”s theorw of r”a”y 
1 

VPdIS’ st‘lndlrrg 
The firs1 meleorologml mplanc obser>at1ons 

1” the United States were conducted by the U S 
SIgnal co1ps m coopelatloIl w1t11 the United 
States Wenlhe~ Bureau at Aberdeen I?Iu\ mg 
Grounds 11, 1818 The Icrults. ,llth”n~II uscfnl, 
were not entxel~ $I,( ces>ful, doe to the dlfficult1es 
encw”tered 11, mountmg the 1c~ordmg mstrn- 
ment~ on the a11plane 11, wch a way as to PLO- 
v1de good wnt1l,rt1on, arid at the -a”~ tmw to 
avmd excessilre 1 lbratlo” 

Dumg 192.3 the We&her Buerl”, cooperat- 
1ng Wllll the II s Army Au Carp at nollmg 
Flrld, ~rTnsl~lnglon, D C , dungecl a numha 
of fiqht? fo1 the p”rpose of exxn”u”g the dwl 
content o-f the a1r to detamrne the 1elat1on 
het\yee” dwtmess and vls1h111ty 

Fhyhts here also “1nde by the Bwrau of 
Aernn,wtx b, N<r\ ;\ Depar hnent, m coopcratlon 
wth the Wwlher Bureau m 4pr11 1013, at the 
Naval 2411 Staklon. hnacostu, D C These 
flight\ we,e made to a” &nude of 10,000 feet, 
and mnrkrrl the begmnulg of the uie of obtamed 
nero1og1< al data 1” cnrrcllt forecxstmg 

The uloptmn of a definite prngranl of a- 
plme uc,ithcl observnY~ons mark?d the fir& step 
“1 bnngmg abont B duded change 1” free-a 
exploraimr~ It 1, <IS tlvn real1zrd that the “se 
of kltcs \\ould e\ c”tu<dly he ahandowd The 
prxtxal method appenserl to he a cooperative 
arrangement by the TYar sr1d Nar) DepaIt- 
ments for 1eg”lar fl~ghti condwted <tt strategv 
tally located fields ove1 the ent”e countrv The 
data obtamed \\ould bz of 1mmed1stc benefit 
to av1ut1on and nonld I”C~PB\R the ncc”, q of 
general we&he1 forcca~t1ng Tlnb pla” d1d not 
become A reahty, howe\ CI mtd July 1934 

I” J”ly 1931 the Wealhrr B~IP<L” abarldowd 
all but two uppu 811 ionrrdmg> by means of 
k,tes, and contiatrd for duly auplme weather 
flights at Omaha, Clr\ eland Ch~ago, and 
Dallas The data obt,uned nere snpplemented 
by smr11<1r data secured 1” a~rl~lane fhghts of 
Naval An st.1t1ons along the rnc1fic codst 

i 
The two rema~mng Weather ~weao Ttatmns 
nung kites for obser>atlo”s dlccontmwd the” 
uqe I” 1933 

The follownlg .,r1<mger”e”t~ v ere made 
BIetcorologlcal 1 II s t I II men t s (‘Lx”“leteoro- 
graphs), which recorded the dewed mfo1ma- 
tlon, were fnstencd to the struts of the arplnne 
Upon rct”rn1ng to the gronnd the data were 
c\ alnatrd and the ,,erolog1cal mfo1mxt1on thw 
ohtamed was dlipatchccl to the Weather Bureau 
,Lt W<~~hmgto” and to other foreca>t centers 
Th1S plan of “ppw 8”. sou”dl”&s 1s St111 1” 
effeLt 

Valnablc work \~a$ done by the Massacho- 
settc. Inst1t”te of Technolom d”11ng the nmter 
ot 1930-31, by m\rt@mg records of about 
1300 ioundmgs 1nade by “x‘ms of lcllrs and 
urplanes This ~ssulted “1 a” ““proved 
mcLhod for the greater nt1luat1on of upper 81~ 
wundmg~ At Boston, the Ann? AK Carl’s 
coolw1 &led by furn1shq a” s”plnne and pilot 
for da1lv observations throughout edch vhool 
year, \\hlch co”tmued unt11 December 1937 
Th1S nork by M I T and, later the work of 
the C&for”xi InsMute of Technology, and 
othw, 111 at111zmg nqlnne soundmgs for a1r 
ma. anal> 3,s ha\ e heen of 1mmeasuable value 

On July 1, 1934 the United States Weather 
Burean mcrensed tho nulnber of arplane ob- 
se1vatlon ctatloni ro 6 The iirq rnamta1ned 
7, the National Gunrd 1. and the K,wv’s cooper- 
&on hronght the total number to 23 etatmns 

The Ih~reau of A1r Comme1ce Looperated and 
the C1r 11 Aeronant1cs a”thont>- contmues to 
do $0 It supphcs ,~\~a;\ rndlo and telqpe 
Llrc”ltS for the t~snsnxssm” of the data, beg”- 
nmg each mormnp at 7 10 E S T 1 \rh1ch 
mnkcs 1t avn1lable to all D1stuct and Away 
ForecasL Centers “1 the UnIted St&$ for the 
p’p”‘“t’0” of mornmg forPLnstc 

I” addltlon to the ,,ie of box lilies, 51”~~ dw 
< o”t1”“ed and n1, craft 1% ItI1 nlrtrolologlcal 1IL- 
-tr wnenty attached, pdot balloons v rre and still 
XP, bemg rrlea~ed duly. whwr vls1b1hty per- 
nuts. at nearI;\ 70 anport stations and offices of 
the Weather Bweau to obtan mformatlon as to 
the d1rectlo” nnd ,eloaty of wmds at var1011s 
dltltudeb The7 alpo vr‘\e to @VP the height 
of the ce~lmg (dlstnmc from gro”“d to lower 
clond lewl or fog hank) TIM mfonnatmn 1s 
\ec,,, cd thlough th? 1,~ of <I theodollto Th P 



operator sights the balloon through the mstlu- 
mad, makes notes of the WE&W readmgs, and 
then computes the data by tnangulatlon 

Research work IS now bang conducted on 
a radm pllot balloon, for use durmg periods of 
low cellmgs and poor nslblllty, which holds 
great promse This ~111 be dlscwsed brIefly 
1n a later c11npte1 

RECEhT DEVELOPMENT 

From tune to trne soundmg balloons mere 
sent aloft by the Weather Bureau to obtam data 
from heights greater than thorn possible 
through the use of k&s or axplanes Begn- 
nmg m 1926, the Felgusson Balloon Meteoro- 
graph was used but ww later dzcontmued 
These balloons, filled x+lth hydrogen, varled m 
sue from less than one, to seseral meters m 
diameter The plzm generally wed IY~S to seal 
the balloon and send It aloft As It contmucd 
to expand, due to tho thnmmg atmosphere, It 
would eventn.tll~ blust The vxordmg mstru- 
mats (mele”logl,~phs) then floated to eslth by 
means of 5 small pnrachute Radm x+las not 
then wallable and, while some mstruments be- 
came lost, approxnnntely 85 percent of them 
WGR leturned m some areas fol a small re\rard 
The chief dlindoantage of this system 1s that 
the meteoroguph records a-e frequently not 
wadable nntll days, me&s, and sometmxs 
months after\+srd (and m one case 23 qears 
later) which render them useless for forecastmg 
pLll-p”W 

Radio sonndmg balloons first underwent ex- 
pcumentatlon m France Thlr vork WA\ COII- 
ducted by Capt Robert Bureau, of the French 
Meteorological Office A bght, 5hort-ma\ e 
lad]“-telcgrdphx tlnnsmlttier nzts suspendrd 
from the sonndmg balloon It aas dcslgned 
to gwe mdlcatlons of the p~ssure and tern- 
perature elements of aeroloycal mstruments 
“ewn afta the latter has entered the strato- 
sphere ” 

The first radio balloon sounding for tern- 
per&we was made on January 17, 1929 and 
was followed by sexeral others 

Leadmg umversltuas of this country, as well 
as those abroad, have been workmg for years to 

pafect an mstlument for the sutomatlc trsnz- 
rn~s,on of ncrolog~cal data by ladlo ahlch 
nould have a leasonable zuuount of dependa- 
b&y 

The rewnt derelopment of ultra-high fre- 
quency radio of sxnple design and mexpens,>o 
construction, together 171th the uopro~ emcnt 
nnd wnpl~ficat~on of meteorologuxl mstrn- 
ments of l&t naght, has brought us to 
the era of the radmtelemcter for upper ax 
soundmgs 

Promment among the American educational 
mstltutlon~ m this nork have been the Blue 
11111 Obsclvc~lory of Harvard Unlverslty, the 
Mdssachuselts In\tltnte of Technology, and 
the Callforms Institute of Technology The 
armj and Nil73 ha\r <,rll~erl on mdcpendent 
reseah, and ale” hare collab”x,ted mlth these 
lnstltutl”rl~, <md with the NatlanaI Bureau 
of Standards and the Umted Sates Weather 
Buren” who hsxe been lady at all tunes with 
e\ a-1 possible assl&mcc 

In December 1936 the Blue H111 Obsavator?, 
usmg Its Han-ard mstIuments, conducted the 
hrst lcgulr~l schedule of radio soondmgs nltb 
frw balloons m the Umted States 

Flom Feblusry to Apr11 1937, Mlassxhu- 
Atr Instltutr of T?chnolo~~ and Blue Hdl 
Obw T ntor v ~mtly c onductcd Jl ladlo sound- 
mg? n lth Harvard rad~otelemct~~s (then called 
radmmeteolographs) , pr”\mg then- practlca- 
bdrty m nearlq all types of weather 

On Septembcl 1 and October 1, 1937, the 
Umled States TTcatha Bureau began dally 
r&d]” soundmgs at three statmns mclndmng 
Boston, where tlrr Harlard mstrument was 
employed, therebj glvmg the obserx &tory 
further opporlumly to nnp’“‘” equpment and 
r%hnlque 

An ultra-high-frequellcy 1ad1” tlansnuttei, 
nnd aerologlcsl mstruments denotmg pressure, 
temperature, and humldlty had been nnprowd 
For example, the clock movement rotatmg the 
MIX was found to operate longer uhen lubrl- 
cated with graphlte than 151th 011 It became 
apparent that the more srnple each unit was 
dcslgncd, wlthm Imolts, the better It paformed I 
Its work 
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RBDIOTELEMETER ADVANTAGES 

Just as the m-plane replaced the kite m 
~“logy, so 1s the rad~otel&neter probably 
dostmed to supplant the an-plane to a great 
extent 

The advantages of this small mstnrment 
over any other method of serology :-et de- 
vlred are su@ic<mt. snd are Imnted only by 
the ab&y of experts to perfect further the 
mechamsm 

LIsted below are a few of the outstandmg 
advantages of the 1ad~otelemcter 1n com- 
panson with ancraft for upper ar soundmg? 

ilnhty to go aloft regsrdlesi of wathrr 
conditions 

Ah&p to reach the stratospherr 
1ns1antme0us tlanwl~islon of ae1ol”glc‘rl 

data by mcbo 
The obtmmng of mformat1on pe1 tammg 

to ,cmg condition-, m1thout 1ly.k 
Rrl&vc I”\\ cost\ ahen b&t m quantity 

pr”dLlct~“n 
Elmmrahon of all hdzsrds to equpmcnt 

caned personnel 
(:le‘lter LOT e1nge (more “bwvat1oni) 

duo to p1 obablr d~xreaszd cost 

DESCRIPTION OF APPARATUS 

Rad~otelemete1s of “lhrr manufa&we using 
the Olland type prmc~ple, nre qmte smr1lnr to 
thox of Hnrl arc1 but <L lengthy lechmcnl c&s- 
cueSl”n 1s unnecessclry fo1 the purposes of as 
1epo1t The fulluvmg chapters a111 brmfly 
clescr1be that mstrument step by step 

Detimtmns 

ture, and humni~ty ~~11 be termed “Pressure 
Element,” “Temperature Element,” and “Hu- 
m1chty Element ” Thpse three elements com- 
bmed ~11 be teimed “Instrument,” and the 
electrxal de\we 1, hlch transmits the mforms- 
tlon ~111 be termed “Transnutter ” The entire 
umt ~111 be called ‘LRad~otelemeter ” 

Housmg 
The housmg of the latest Harrard umt con- 

s1sts of n balsa-wood box havmg outside 
dmwnslons of 71/” I 3:/y” x 21/“, with a mall 
thuzkness of one-half mch It re1ghs less than 
3 ounces. yet 1s sturdy enough to mlthstand nor- 
mal handhng nlthout mjury tn the equpment 

The sdc on nhich the a~rolog~cal mstru- 
llwatc are monnted. as well a~ both endi, 1s 
punted 11 hate m order to prorlde sh1eldmg 
agamst false temperatu1e recordmgs mlnch 
would othermw be caused by absorptmn of 
1x~1nt1on from the bun 1n the upper atmosphere 
The balnnco of the box 1s pa&d black to absorb 
warmth for the benefit of the clock mechamsm, 
battery and transm~ttcr A thm alummum 
sh1eldmg n1th open ends 1s bwlt around the 
~n~tlumerrls on the 3?/h” x 71/,” side of the box 
on \*h& they ale mounted to guard aganst 
fslw temperatu1e rraclln#~ b;\ p1wentmg actual 
ro11tact of the w1.x ray? wth the bun&al 
thermomete1, and to plotrct ~11 of the elements 

The opposite side of the box opens by a &do 
door and ,zllo\us easy access to the transnutter 

(fig 1) 
Clock 

One at the most difficult problems encountered 
xab the drra mechamsm mluch converts the 
deflections of the mstrumental elements mto 
t1m.e s~gnds The observatory expernnented 
w,th standad clock movements, specml m- 
polted clock movements, fan dnres, governors, 
gravity dnves, and small electnc motors 

For all practical purposes, the match or small 
~loclr movement waq found to be the most s&s- 
factory mswe1 to the problem It was n~ces- 
say to redewgn the mechamsm, however, to 
doublriqu1ck tune In other words, the move- 
,,,er,, used 1s d. 12.hou watch mstead of a 24, 
and the dnw shaft wh~h would ordmanly 
achate the sccnnd hmd at the rate of one revo- 
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lution per minute, drives the helix two revolu- 
tions per minute. The movement is equipped 
with an escapement of GO0 beats per minute. 
The mechanism cull is tllat of an ordinary 
$1.50 walcli of relial)lr i~liltlr~fact IIre. 

_. 

Figure I.--The Harvard Radiotelemeter with antenna 

attached. Box painted black and white houses 

the transmitter and clock. The key is for winding 
the clock. The aluminum shield covers th,e aero- 
logical instruments. Sliding door (on bottom) is for 
access to transmitter. Total wrig$t 1.8 pounds. 

Helix. 

The helix is a small shaft of ahot& 5/s” in 
diameter and 1” long. It is made of insulatetl 
material, which is nonconductive to electricity. 
It is wound spirally from top to bottom three 
times by silver wire, which is countersunk in 
t’he insulation and turned down by a tiny lathe. 
so that the entire surface is smooth and even. 
The silver wire is electrically connected to the 
transmitter. The four pens (reference, pres- 
sure, temperature, and humidity) are likevvise 
wired, and each time one of the pens slides over 
the silver wire of the helix a con1 act is made 
which bridges the grid leak of the transmitter. 
The circuit is then completed and the sequence 
signal is emitted by the transmitter to the ob- 
serving station. The. mea,surenwnt of time be- 
tween t,l~e refere~~ce 1)c1~ aud each 01’ lhe otln~i 
element pens (twice each minute), is the 
reading desired. 

The helix shaft has two bearings--one in the 
clock and the other in the bakelite rain shield 
or housing. The housing is cast integrally with 
the base to which the clock is attached on the 
inside, and the instruments on the outside of 
the box. This bakelite shielding, or housing, 
encloses only about two-thirds of the helix, the 
open space being allowed for the pens to make 
their contacts (fig. 2). 

Reference pen. 

The reference pen is fastened to the common 
bakelite base and comes in contact with the 
lower porliou (part nearest the clock) of the 
helix. The pen is a fixed point and does not 
lllove; thus it comes in contact with the helix 
each time at exactly the same point and with 
t)lie same time interval. 

3ieasurements of pressure, temperature, and 
Ilrlinidity are always made in relation to the 
wfeiwice ptn. Just as altitudes are measured 
above or below sea level, the serological read- 
ings are measured from this common datum 
point. 

Pressure element. 

The barometer is of the aneroid type, which 
is cvac~~ated, and hermrt,ically sealed. In com- 
JI~OJJ will1 tile ollrcr clrmenls, it is fastened to 
tllc? balielit>e lmse. This t,ype of baromet,cr is 
used extensively in measuring pressures (fig. 2). 

Outside pressure changes cause the expansion 
or contraction of the cell. When carried to 
higher altitudes, where pressures become less, 
the cell expands and the pressure pen, in con- 
tact with the helix, moves up or out, contacting 
t,he silver wire of the helix at a different time 
interval with respect to the reference pen. 
Conversely, when descending to lower altitudes, 
the atmospheric pressure increases, and causes 
contraction. The pressure pen in this case 
moves down, or in, toward the base of the helix. 
Differentials of pressure between the atmos- 
phere and t,he inside of the cell control the 
movement of the pressure pen. 

Temperature element. 

‘1’11(: It?ltll)t!t’illltt’C elemetit is of tlle bimetal 
thermometer type. It is mounted on the com- 
mon bakelite base, with its pen coming in con- 
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tact with the helix at the top, or near the outer 
end of the shaft (fig. 2). 

The temperature element is shieltletl by a 
thin, lightweight metal cylinder or shell, two 
inches long and ‘1/4” in diameter, with both 
ends open. Shielding is necessary in order 
to obtain true temperature readings by pre- 
venting actual contact of the element with the 
sun’s rays, and also for protection in handling, 
particularly after calibration. 

The tenllwratlmr clnnient itself, mouilled in- 
side Ihe shicltl, is about :vl” long, ciirved cy- 

with the helix to the direction of the reference 
pen. 

Conversely, as the inst,rument descends by 
p:~rachute into lligher temperatures, the ele- 
ment expands, or tends to uncurl, pulling the 
pen away from the reference pen. This is all 
told in graphic form at the observing station 
on the automat,ic recorder, in the same fashion 
as the pressure element: always in direct 
relationship to the reference pen recordings. 

Temperature readings of this element have 
tern qliitt: accurate from sea level to the strato- 

Figure 2.-A. Aneroid barometer with 4 cells. B. Hygrometer showing hairs and pen. C. Temperature ele- 
ment. D. Shield for temperature element. E. Bakelite base. F. Reference pen. G. Pressure pen. H. 
Helix. I. Upper bearing for helix J. Temperature pen. K. Rain shield around helix. 

lindrically around 250” with a diameter of 
6’ “. /lG It is fastened by two metal pins at 
each corner of the lower open side to the same 
base as that of the shield. To the upper outer 
corner of the other open side the temperature 
pen is fastened, which contacts the helix. 

The metal used in the temperature element 
is extremely sensitive to temperature changes. 
4s the instrLunenL, rises and the t,errrpern.ttnre 
fulls, L11e c~irvetl elemelrl c:otil,rxc:ts, or tends 
to curl LOP and close the gap of its open end, 
thereby drawing the pen which is in contact 

sphere, where they remain constant. Such 
information is useful to tho Weather Bureau 
in preparing forecasts. 

Humidity element. 

Accurate hygrometric measurements of the 
radiotelemeter are of utmost importance, but 
they are made difficult by the lack of a hy- 
grometer which rea.cts quickly at low temper- 
at>uIYs L . 

Ilt the present time the hair hygrometer 
is used. It has five strands of human hair, 
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eacl1 l’,i” long, stretched up and over the 
humidity pen which in turn contacts the hclis. 
As the humidity of the air increases, the ll;til,y 
lengthen. This causes the pen, which has a 
slight spring tension, to move out, or away 
from the base of t,he helix and the refercllce 
pen. Ss the humidity decreases, the hairs 
contract or tighten, and thus pull the 1”” 
down, or in the direction of the base of the 
helix, and closer to the reference pen. The 
humidity readings, like the ot’hers, are evalu- 
ated with respect. to the reference pen. 

The hygrometer is attached to the common 
base along with the other elements, and is 
located halfway betmeen the pressure and 
1 rniperat ure elements (fig. 2) . 

Humidity data arc now reliable only to 
altitudes of npproxin~ately 15,000 feet, due to 
lag alid to the inability of the instrument to 
react favorably in extremely low teniperat,ures, 
which cause the hairs to freeze, and render 
accurate calculation of relative humidity 
almost imp@ssible. 

Diligent work is now being carried on by 
the National Bureau of Standards and other 
organizations to perfect a more accurate al\d 
sellsit ivr illstrument to replace t,lie llrunal1 hair 
for hrmiidity measurement,. Encollragillg re- 
Plllts llare bern produced t’o dale. 

Calibration. 
All of the elements, or instruments, must 

be carefully calibrated before being used; other- 
wise such errors would exist as to make the 
Ircord of reatlings valueless. 

Tile work of calibration requil,es about t\vo 
hours and is dolle in a special chamber designed 
for that purpose (fig. 3). The chamber is a 
box about the size of a large, old-fashioned 
hamper, well-built and insulated, which accom- 
modates seven instruments at one time. The 
recorder, on a continnolls chaill, and located 
adjacent to the calibration chamber, automati- 
cally makes records of each of the elements, 
determined by thejr distances to marks made 
by ihe r?ft:rencr pe11. A relay 1 riles :I recording 
1~31 tl:L(.ll linie Ilr;~.l. u~trlx:I~ :II’(J lrr:ltlta, IIV ill1 

itlsl.rlurirl~l, or (~lwie~~i, \yill~ 111v lielir. ‘1‘1 It’s 
pells ilr't? attached vertically t 0 1 IIC c1ldltss cliaiii 

and are carried across the paper at such a rate 
that they return to the starting edge after each 
revolution of the helix. If an element pen 
should move, contact will be made either sooner 
or later than its previous position. The varia- 
tion in time is a measure of the change in the 
element actuating that pen. Contacts must be 
positive and sharp at “make” or “break,” other- 
wise t,he measured distances will be inaccurate. 
The t’raits or peculiarities of each element are 
thus definitely known. 

The same type of recorder, although mechan- 
ically different, in some respects, is used for 

Figure 3.-Calibration chamber, during humidity 
calibration (Moist test). Recorder at right. 

recording data during actual soundings. The 
methods employed in simulating comparable 
conditions to those found in the stratosphere 
for calibration purposes are interesting and 
somewhat ingenious. Dry ice and alcohol are 
used to obtain lower temperatures and they a.re 
circulated by a pump to induce temperatures to 
below -50” C. All stages of temperature and 
pressure are used, from those found in the room 
to the extremes to be found 15 miles above the 
ground. The humidity element is likewise cali- 
brated by inducing various degrees of humidity 
within t,lle ch:lmbrr. 

‘1’11~ rcluil)n~elil a( Hostjoll is locat~rtl in the 
.\iq)ortj JVt!it(l~n~ (Mice. Aft)er calibration, IlIt: 
itlstrumcnts are h:nldled carefully and as little 
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as possible, so that the delicate elements will 
not be disturbed. 

Transmitter. 
The transmitter is located inside the housing 

or box. In comparison with other transmitters, 
it might be considered a miniature, since it is 
so small and light that it could easily be slipped 
in one’s coat pocket without notice (fig. 4). 

The radio transmitter operntes.on a fixed fre- 
quency of 68 megacycles. This frequency is 
high enough to avoid most of the congestion on 

At the other end of the box there is located 
a unicell dry battery, no larger than an ordi- 
nary flashlight cell, which supplies the filament 
current. Another battery, even smaller, sup- 
plies the plate current of 45 volts. 

There is ample space left for the insertion 
of a water container and the light packing used 
to delay the penetration of the extreme cold to 
the batteries, clock, and transmitter. 

Signals are emitted each time the circuit is 
closed-four times every 30 seconds. This is 

Figure 4.-Complete transmitter used in the Harvard instrument. The clock is located behind th,e tube. 

the radio spectrum. It is favorable for trans- 
mission over great distances with a minimum 
of power; moreover, the short antenna measur- 
ing seven feet used for this frequency simplifies 
the launching problems. 

The single tube used is, in reality, two in one, 
as it serves a drub1 purpose. It is a low filament 
current twin-triode tube, in a push-pull tuned 
oscillator circuit, which does the work of the 
two tubes formerly used. 

attached near the base of the tube is the 
wild t,uning inductance. 

done as each of the four pens contacts the silver 
wire of the helix, which makes a complete revo- 
lution every 30 seconds. 

Radiotelemeter unit. 

The entire unit, comprising the housing, aero- 
logical instruments, transmitter, clock, water 
container, and packing, ready for ascension 
weighs 800 grams, or about 1.8 pounds. It is 
wrapped in a very fine, soft crepe paper, as an 
additional precaution against the intense cold. 
The open-ended shield covering the aerologica,l 
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instrmnents. however, is left uncovered so that the instrument shelter where it remained for 
actual contlitionS of the upper air will bc re- about 10 minutes in order to acquire a steady 
ported as fo~uitl. state in the proper environment. While there, 

DESCRIPTION OF OPERATION 
the radio reFei& and recorder in the Weather 
Office were tuned in, and the signals were ob- 

Launching. served as the contacts were made. 9 standby 
The lannclling can probably be brst ~111th~~ radiotelemeter was ready for service in case of 

stood from a description of an actual ascent malfunctioning. Everything functioned prop- 
matle at tllr Wrather Harean airport officr, Bos- erly, however. and preparations continued for 
ton, at 4: 15 A\. Jr., March 10, 1938. The st:\ges the launching. 

Figure 5.-Inflating the balloon. Note the weights under balloon. It is inflated until capable of lifting more 
than 2 lbs. Operator at left is holding parachute ready to be attached in the final assembly. 

of technique involved were : routine tests, assem- 
bly, launching, recording, evaluation and dis- 
patch of the data to Washington. 

The radiotelemeter unit had been previously 
assembled with calibrated instruments, trans- 
mitter and a seven-foot antenna. The water 
container was placed within the box, the clock 
was started, and the assembly was carefully 
packed and wrapped. It was then carried t)o 

The balloon used was of cast latex rubber. It 
weighed only 350 grams (zk< of a pound) and 
when inflated with hydrogen to a diameter of 
5 feet, this type would usually soar with its 
burden to altitudes of ten to fifteen miles before 
expanding to the bursting point. The inflation 
of hydrogen from the cylindrical container was 
done with care to prevent any chance of fire. 
Weights were attached to the bottom of t,he 
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balloon, and when it was capable of lifting a 
little more than two pounds, the diameter of 
the balloon ~vvas about five feet. It was then 
tied tightly with cord at the neck to prewlt 
my escape of the gas, and was carried olltsidc 
(fig. 5). 

A heavy striirg about six feet loiig was at- 
tachetl to the neck of the balloon and to this 
string was tied ail eiivelope containing a \var11- 
ing of tlw fire hazard should the balloon be 
found intact. The iintler was requested to read 
the enclosures and was offered a reward of one 
dollnr for the return of the instruments. The 
~l~closur~cs consisted of a franked sticker, self- 
addrcssctl to the Weather I%ureau Airport Stn- 
t ion at 13ostoll. a ‘LVERY I~7RAGII~E” sticker, 
a self-atltlrcsscd franked postcard giving mail- 
illg instructions, a questionnaire for details of 
the discorcry, informat,ioii regarding its orig- 
inal rrleaw, purpose tlicreof, etc. 

To tlw lower end of tlw string \\‘:Ls attachrtl 
the parachute made of plain rrtl, silk cloth, 
with shroud strings two feet, long. These were 
attaclled to a ring of two t,wisted reeds, which 
in ttlrn was tied to another hcnvy string tell 
fret in length. Eight ruhbcr cortls tied at tile 
top and bottom of this string alloved slack, 
to guard against undue shock to the ilistru- 
mrnts while in turbulent air. To tlw lo\vcr end 
of the string was tied the sewn-foot, aerial 
attached to the radiotelemeter. 

With this done, the entire assembly corn 
prising (from top to bottom) the balloon, 
string with envelope attached, pwraclmte with 
rigging, string with rubber shock cords, aerial, 
and radiotelemetcr was then ready for release 
(fig. 6). 

iSigL;Ii:lls \vt~i’e beiiq ctirril ted several niiirutes 
prior to the actual laullcliing. The radio re- 
cei\-er was timed iii. ‘I’hr J,ecorder was in 
operation, and the signal impulses made theil 
four marks every thirty seconds on the margill- 
guide-prrforated recording paper, which moved 
at a very slow but constant rate from its roll 
out on to the table (fig. ‘7). 

The balloon with its cargo was released at 
precisely 5 : 27 A. M. and began its ascent at the 
rate of approximately 700 feet prr rnimlte. The 
olwrwrs procccdctl to 1110 weather office imlljc- 

Figure B.--The sounding equipment is sent aloft. 
One of the numerous experimental flights, differing 
in some respects from that described, but similar 

in operation. 
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diately to keep the radio tuned, to see that the 
recording equipment continued functioning, and 
to perform the important work of evaluating 
rapidly the recorded signals for synoptic 
purposes. 

Soundings, recordings, and evaluations. 

Evaluation began within a very few minutes 
after the instrument was launched. 

The reference line of dots or small dashes 
made by contacts of the reference pen was easily 
discernible by the comparatively straight course 

Figure 7.-Recorded in operation. Operator is draw- 
ing lines connecting signal impulse marks for 
each element, for later measurement and evaluation. 
Radio receiver (left) with earphones for tuning. 

it followed across the paper. A colored line 
was drawn across these contacts as they pro- 
gressed, and from this line the other measure- 
ments were taken. Contacts made by the tem- 
perature element were quickly identified, as this 
line had a definite and rather steady trend to 
the right, indicating falling temperatures. A 
differently colored line was drawn through this 
series of contact marks. The pressure contacts 
formed a line veering to the left, denoting de- 
creased pressure, as did the humidity line which 
meandered, indicating various degrees of mois- 
ture in the air. Each of these lines was given 
its individual color, and thus the four tracks 
were followed without doubt or confusion 

(fig. 8). 

Significant, or progressive points, were 
selected and numbered in corresponding posi- 
tions on the four lines or tracks. To determine 
the value of an element at a given point, the 
distance was measured from the reference line 
to the same point on the element line by a pair 
of dividers (fig. 9). The same distance was set 
off on the calibration curve, and the value was 

f 
R.M. F. NO. 95 MARCH 18, 1937. 0627 E ST. 

Figure 8.-A typical recording. Note comparatively 
straight reference line, also temperature inversions, 
fluctuating humidity and steady fall of pressure, the 
latter denoting increasing altitude. The tempera- 
ture recording was picked up (lower left) where it 
ran off paper (lower right). Likewise the pres- 
sure recording was picked up (center right) where 
it ran off paper (center left). Numbers denote 
corresponding positions. They are written in as 
the recording progresses to obtain correct meas- 
urements. For example, measurement from the 
reference line at station “10” would be to station 
“10” of the other recordings. 

then read off the scale, then plotted on the 
Adiabatic Chart. This routine of measurement 
was repeated over and over for each of the 
elements, and as the balloon continued to rise 
with its ticking, transmitting, data-finding 
cargo, it was only a matter of a few moments 
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until the altitude, temperature, and humidity 
encountered on the wandering course were 
known. 

Below is a greatly abbreviated record of the 
sounding. It will be noted that humidity 
evaluations were omitted after passing above 
the lO,OOO-foot level due to lag, largely induced 
by the hairs of the hygrometer freezing and stif- 
fening, and the rapid rate of ascent. 

Figure Y.-The recorder. Operator is measuring dis- 
tances from the reference line to the other lines 
with a divider. He then sets off the same distance 
on the calibration curve, reads the value from the 
scale, then plots the data on the adiabatic chart. 
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The equipment went to an altitude of 72,200 
feet, nearly 14 miles high. It reached this 
altitude at 7 : 04 A. M., in one hour and 37 min- 
utes after the lau&hing. It was noticed that 
the pressure element contact marks swung 
sharply to the right at this point, indicating 
increased pressure which, undoubtedly, was 
caused by the bursting of the balloon, followed 
by the opening of the parachute and the begin- 
ning of the trip back to earth. The signals 

continued for six minutes and then ceased at 
7:lO A. M., probably due to stoppage of the 
clock mechanism becau,se of extreme cold, or 
from an unknown cause. 

The transmission of signals had continued for 
one hour, 43 minutes, and the sounding at BOS- 

ton for March 10th was considered successful. 
While the flight was in progress, the data had 

been recorded, evaluated, and graphed. Condi- 
tions were known up to the stratosphere. It 
was learned, for instance, that at about a mile 
high there existed a temperature inversion, the 
temperature being 5” (F.) higher at 6,000 feet 
than at 4,000 feet. It was found that the coldest 
temperature recorded was 68” (F.) below zero 
at 37,900 feet, and that another temperature 
inversion existed at 43,000 feet, where it rose to 
-52" (F.). It continued to warm up gradu- 
all? to -49” (F.) at 72,200 feet, remaining 
quite steady for the last 30,000 feet,. 

Communications. 

Fully :G important as accumulating the 
serological data is the prompt dispatch of the 
information to the forecasters of the United 
States Weather Bureau at Washington, D. C., 
and ot,her forecast centers, prior to the synoptic 
llour, 7: 30 A. M., E. S. T. 

The Civil Aeronautics Authority maintains 
teletype circuits, augmented by point to point 
radio which provide a network of communica- 
tions facilities covering the airways of the 
country. Through a cooperative arrangement, 
the United States Weather Bureau utilizes this 
equipment for the transmission of weather data. 
Consequently, information concerning weather 
conditions to be found on any civil airway 
within the hour is available on bulletin boards 
to pilots and others. The Authority broadcasts 
such information by radio at periodic intervals 
d . urmg each hour for the benefit of airmen in 
flight (fig. 10). 

At Boston, as at many other important sta- 
tions, the United States Weather Bureau and 
the Airways Operations Division of the Civil 
Aeronautics Authority share adjacent offices 
where all facilities are available. When an 
operator types a message on the teletypewriter, 
the same message is reproduced instantaneously 
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along that particular circuit. There are relay Salvage. 

or clearing house stations, called principal tele- The question arises as to how many instru- 
type stations, for relaying messages to other merits are found and returned to the United 
points. Boston to Washington messages are States Weather Bureau and the damage done to 
quickly relayed at Newark and are receij-ccl at them in landing and llandling. 

Figure JO.-Interior of a Civil Aeronautics Administration airways teletype station showing teletype- 
writer machines. 

Washington shortly after transmission at 
Boston. 

The first report of soundings was put, on the 
tal)e at approximately 0 : 30 A. M. The radio- 
telemeter had been aloft nearly an hour and 
the dn.ta already received gave t,he forecasters 
iJJ Washington and other centers advance iJJfOJ’- 

mation wit,h which to begin work. Tllc final 
message was dispatched act 7: 12 a. M. ant1 the 
information n-as in the forecaster’s hands well 
ahead of the synoptic hour of 7: 30 A. M., 
E. S. T., when all data from all sections of tire 
country are plotted for the daily forecasts. 

Below are a few examples : 

Location 
Num- 

ber re- 
leased 

Per- 
centage 
found 
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These figurez are a fern months old but they 
serve to mdlcate that the percentage of recov- 
ery 1s sn~prmngly high Recovery of 1nstrw 

ments sent up from Boston 19 T cry low due to 
the preralence of p~evadmg nmds from the 
west blo\\mg the mstluments to sea Thee of 
these mstruments \\ere found on Cape Cod, a 
ll‘LPlO1" st1q3 of lmd 65 m11es east, southeast of 
Boston 

Somrtnncs the damage to the mstlument 1s 
~xtensl\e but uinally It IS trlvlal and the ap- 
pal;ltus can he qu-ed and Iecabbrated at 
cmall experw Informstlon concermng the 
location ~\IIP~P thq ale found u nseful to the 
r’r,lthrl Burcnu 

DISCUSSION 

The present radlotelemeter has no means by 
wluch mformatlon concernq haze, \ lslblhty 
qnow levels turbulence, etc , can be provided 

It IS not yet able to determme accuately the 
he& of clouds, except when the observer 1s 
thoroughly experlenccd m both mstruments 
ad meteorology Improxd hygrometers rrdl 
help to lemedy this deficmncy Blue Hills 
Obscrratory and other orgamzatlorrs ale expen- 
mentmg 1~1th the USC of photo-electw cells for 
thw p,npov It 1s generally beheled that tins 
14 the lnvper method ot attack on tlui problem 
\+lmh shov s exery mdlcdtmn of early solution 

The prerent mstrament has not yet been de- 
T zloped to the pomt where It c6n provide mfor- 
m&on concernmg the dnectlon and relocltj of 
rrmds at &&rent altitudes durmg periods of 
low ce~lmgs The method \rlnch has been the 
sub]& of cxtensl\ e q’erunentat~on employed 
a radio soundmg balloon emlttmg ra&o agoals 
on \&ch bearmgs wele taken wulth rndlo dnec- 
tlon fiuders from tn-o pomts a far nule- apart 
The dewed data \, ere then cztlculated by tn- 
angulstlon The err01 s vere ieduced to about 
20, but this \\a\ nol nccul.& rnougb to be of 
any great value, the practical lmuts bang less 
than 1h of 1” and the dcsnable prec~on of 
&-&on, $,, of 1” 

A research plogram of sane magmtude look- 
mg to the solution of this problem has been m 
progress for serwal ~e?rs at the C&forms 

Instate of Technology Able assistance and 
collaboration has been prowded by Captam 0 
C Maq U S Army Sugnal Corps. at present 
attached to Ihe Meteoroloycal Sectlon of the 
U S Arm> An Corps 

The Institute has been workmg on a theor:, 
d&rent from the one mentioned m the fore- 
gomg Instedd of the short ware prwlousl> 
used they are emplo~mg an ultra-short nave 
length of 167 meters with wqx~ng eucces~ 
A parabohc antenna 1s employed and the pal&- 
bohc pnnclple IS used throughout Only one 
lecrnmg statlon 1s used Instead of two IIS m the 
other plan These experts, headed b>- lescslch 
l’hysust Anthony Eaton, are now traclnng 
the rndlo soundmg balloons experunentally 
with npploxunatoly the same degree of plem- 
aon that IS accomphshed by the p, csont theodo- 
llte sjstem m clear weather Work 14 gomg 
forward nor? m develolnng an automatx track- 
mg dexxe vvhlch 1s expected to be perfected m 
the near future 

The excellent work of the Cahfoxua Instltutc 
of Technology gives promw of an e&y solntlon 
of one of the most prewng needt of avlatlon 

Umted States Weather Bureau pr~grm 

Recogmzmg the value of nerologlcnl observa- 
tlons by rad~otelemeters, the Umted States 
Weather Bureau recently ansrded contracts fol 
the furmshmg of mstruments to sta.tlorrs nt 
Nashvdle, Sault Ste Marvo, Oakland, Okla- 
homa City, Omaha, and Fargo for dally obser- 
vatlolls This program began 7~1th the new 
fiscal yea on July 1, 1938, and replaced ax- 
planes for upper ar soundmgs at those eta- 
t1ons 

Contractors hare the responsdxhty of fur- 
mshmg the radmtelemeters and ground eqmp- 
mcnt on a lease baas, and mstalhng the lattel 
Specdicatmns called for close tolaxn‘es, but 
wae broad enough so that aq t>pc or design 
of mstrument vould be acreptahlr~ If 1t met nlth 
performance requlrelne"ts 

This 1s the first step taken bv the Umted 
States Weather Bureau m estabhshmg rarbo- 
t&meter aerologlcal obserl ntlon stations on 
anythmg but il. trml or experunental basis 
Only the lack of funds prerents the Bureau from 
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hamng sereral tmnes this marry In addltmn to 
the foregomg radmtelemeter statmns, the Bu- 
reau 1s mamtamng zmplane stations at Salt 

Lake Cl@, Spokane, Cheqenne, El Paso, Chl- 
cage, and Bdlmgs 

In cooperation ,\lth the Umted Starra 
Weather Bureau, the Umted States Army IS 
malung duly rndmtelemeter observations at 
Patterson Field, Faxfield, Ohlo, and at Barks- 
dale Field, Shreveport, La 

The Umted States Narj- 1s also cnoperatmg 
by contmung the dally rad~otelcmeter obser- 
vatlons at Anacosba Naval Au Statmn and 
approxunately tnelve dally amplane obselva- 
tmns at scattered pomts throughout the West- 
ern Hamsphere 

COi%CLUSIONS 

For several yearr suthontles have recogmzed 
the value of an-mass adjus <,s an Important 
aId to accurate forecastmg It IS well known 
that the ass~sts~~ce oblauncd flom It, and the 
expenence gamed from the study of \\wther 
maps have ploved an mportant xdpmct to lhls 
work 

Forecnsters are dependmg more and mole on 
aerolognl data for analysis Now, with the 
USC of rad~otelemeters, this mformdtmn can be 
avadable to them way day despite weather 
condltmns With the more complete and regu- 
lar mformatlon nom wadable from this source, 
It 1s certnm that the work bang conducted 111 

an-mass annljsls ml11 become mcwtsmgly effec- 
tlve and forecastmg further nnprol ed 

The step bang taken bj the Umted States 
Weather Bureau, demlbed m the precedmg 
chapter, denotes progress The de\ elopment 
and mstallatlon of tlus nev but ploven method 
of upper au soundmgs 15 melI @Aed The 
SIX aerologml statmns establmhed by the Bn- 
reau m July ~111 be lay helpful, but more 
are needed 

Eventually, the Bureau hopes to hue a net- 
work of 40 or 50 aerologml stxtmns dlstnbuted 
throughout the country With such a system, 
the data a111 be assembled, charted, and a,- 
alywd at central pomts When this enlarged 
program 1s put Into effect neathcr forccastmg 
should be more dependable 

Greater coxwage of reports all1 make PO-- 
able greater precwou m c;tndymg and analyz- 
,ng trends, follon ed by ~ml~rored forecssts 

The radmtelrmeter, follonmg the a~planc, 
tlomlllates a field ahost UntolKllrd a few qears 
ago 11, dally qnoptlc meteorology It 1s con- 
tllbutmg to wfetv m anal1011 bj plouldmg 
mformatlon wluch enables forecasters to pre- 
dxt weather accurately This 1s one of the 
glent needs of wmtmn 

Improvement ,n the mstruments wll contmue 
to come An enlarged program IS quite certam 
to follon~, resu1tlng m an ever nnpro,mg 
meather forecast sernce mhlch promises to solve 
borne of the problems rrluch stdl confront 
students of weather 
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